Music is a unique communication system for human beings. Iconic musical meaning is one dimension of musical meaning, which emerges from musical information resembling sounds of objects, qualities of objects, or qualities of abstract concepts. The present study investigated whether congenital amusia, a disorder of musical pitch perception, impacts the processing of iconic musical meaning. With a cross-modal semantic priming paradigm, target images were primed by semantically congruent or incongruent musical excerpts, which were characterized by direction (upward or downward) of pitch change (Experiment 1), or were selected from natural music (Experiment 2). Twelve Mandarin-speaking amusics and 12 controls performed a recognition (implicit) and a semantic congruency judgment (explicit) task while their EEG waveforms were recorded. Unlike controls, amusics failed to elicit an N400 effect when musical meaning was represented by direction of pitch change, regardless of the nature of the tasks (implicit versus explicit). However, the N400 effect in response to musical meaning in natural musical excerpts was observed for both the groups in both types of tasks. These results indicate that amusics are able to process iconic musical meaning through multiple acoustic cues in natural musical excerpts, but not through the direction of pitch change. This is the first study to investigate the processing of musical meaning in congenital amusia, providing evidence in support of the "melodic contour deafness hypothesis" with regard to iconic musical meaning processing in this disorder.
Introduction
Congenital amusia (hereafter amusia) is a neurogenetic disorder of pitch processing (Peretz et al., 2002; Ayotte et al., 2002) . Research has suggested that there are two core aspects of musical pitch deficits in amusia. One is the deficit in discriminating finegrained musical pitch (Hyde and Peretz, 2004; Jiang et al., 2011; Foxton et al., 2004) , and the other is the deficit in perceiving melodic contour or pitch direction (Jiang et al., 2010; Liu et al., 2010; Foxton et al., 2004) . Amusic individuals also show elevated psychophysical thresholds for pitch change detection and pitch direction discrimination and identification (Jiang et al., 2013; Liu et al., 2010 Liu et al., , 2012b Loui et al., 2008; Williamson et al., 2012; Foxton et al., 2004) . The hypothesis of a short-term pitch memory deficit in amusia has been proposed (see Tillmann et al., 2016a for a review), despite the fact that pitch perception and memory are interwoven in the processing of music (Huron and Parncutt, 1993; Cook, 1987) . Neuroimaging studies suggest that amusia is associated with reduced connectivity between the auditory and inferior frontal cortices in the brain (Hyde et al., 2011; Albouy et al., 2013; Loui et al., 2009) .
Implicit and explicit processing of sound sequences involves distinct neural mechanisms (van Zuijen et al., 2006) . It has been reported that amusic individuals can perceive harmonic structure implicitly (Tillmann et al., 2012) , but cannot perceive tonality and musical syntax in an explicit manner (Jiang et al., 2016) . The dissociation between implicit and explicit processing of musical structure has also been shown in other studies (Omigie et al., 2012; Tillmann et al., 2016b; Zendel et al., 2015) . For example, Zendel et al. (2015) found that an early right anterior negativity (ERAN) in response to melodic deviants was only presented in amusics when they attended to non-pitch information (i.e., a click), but not when they attended to pitch (i.e., a note). It may be the case that amusics acquire implicit knowledge of musical structure through passive exposure to music in daily life, despite not being able to show explicit knowledge in laboratory conditions.
Music is an important communicative system for human beings, and deciphering musical meaning is a primary motivation for music listeners. From the perspective of evolution, both primates and humans
